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These observations suggested that DNA binding and/or aggregation, nuclease and other contaminants should be removed from the OSS before use in DNA-SM analysis. We developed a straightforward Superose 6 size-exclusion chromatography purification method for PCD a that takes advantage of the enzyme's large reported size, with 12 α-dimer (23.3 kDa) and β-dimer (26.6 kDa) subunits 4 (Supplementary Notes 5 and 6). The majority of nuclease activity eluted as an ~40-kDa protein, with a slightly higher molecular weight shoulder at ~100 kDa ( Fig. 1b and Supplementary Fig. 6 ), whereas peak PCD enzyme activity corresponded with the αβ-subunits, eluting at 417 kDa ( Fig. 1b and Supplementary Figs. 6 and 7). The pooled PCD fractions (43-51) were free of nuclease activity and did not inhibit several DNA metabolic reactions even at high concentrations (100 nM; Supplementary Figs. 5 and 8-10 and Supplementary Note 7).
Using SM photobleaching analysis, we counted and analyzed the number of Cy3 spots on a 3,429-μm 2 image area as a function of irradiation time at different PCD concentrations (Fig. 1c-e and Supplementary Fig. 11 ). We observed a PCD concentration-dependent increase in Cy3 half-life, in which Cy3 fluorescence loss at 10 nM PCD was negligible after 4 min of irradiation ( Fig. 1c and Supplementary Fig. 11 ). An extended analysis suggested an apparent photobleaching rate constant of 10 nM PCD (k pb = 0.016 ± 0.003 min -1; s.e. from the fitting) that resulted in an estimated halflife of Cy3 of ~2,600 s (43 min) (Fig. 1e) , which substantially exceeds observations from most SM kinetic studies 5 . Moreover, we observed very little 'blinking' of Cy3, similar to previous reports 3 , suggesting a remarkable additional stability that is capable of enhancing SM analysis (data not shown). Finally, GOD a CAT a and PCD a are the most common OSS enzymes used in SM DNA and RNA analysis. Our surveys strongly suggest that these enzymes could influence SM observations as a result of multiple contaminants. We recommend the use of commercial PCD b or purified PCD a , as outlined here for DNA-or RNA-based SM studies ( Fig. 1 and Supplementary Fig. 5 ). Although the commercial CAT c preparation is relatively free of nuclease, there does not seem to be a commercial GOD product or method of purification that will provide a nucleasefree OSS with these enzymes. 
Widespread nuclease contamination in commonly used oxygen-scavenging systems
To the Editor: Much to our surprise, we observed substantial DNA nuclease activity with both the glucose-coupled glucose oxidase/catalase (GODCAT) 1,2 and the protocatechuic acid (PCA)-protocatechuate-3,4-dioxygenase (PCD) 3 oxygen-scavenging systems (OSSs) that are widely used for single-molecule (SM) studies ( Fig. 1a and Supplementary Figs. 1-3 Fig. 5a-c) . The commonly used CAT a,b and PCD a enzymes contained the most impurities and the highest level of nuclease activity, whereas CAT c and PCD b seemed to be the least contaminated commercially available OSS components. 
MetaPhlAn2 for enhanced metagenomic taxonomic profiling
To the Editor: MetaPhlAn (metagenomic phylogenetic analysis) 1 is a method for characterizing the taxonomic profiles of whole-metagenome shotgun (WMS) samples that has been used successfully in large-scale microbial community studies 2, 3 . This work complements the original species-level profiling method with a system for eukaryotic and viral quantitation, strain-level identification and strain tracking. These and other extensions make the MetaPhlAn2 computational package (http://segatalab. cibio.unitn.it/tools/metaphlan2/ and Supplementary Software) an efficient tool for mining WMS samples. Our method infers the presence and read coverage of cladespecific markers to unequivocally detect the taxonomic clades present in a microbiome sample and estimate their relative abundance 1 . MetaPhlAn2 includes an expanded set of ~1 million markers (184 ± 45 for each bacterial species) from >7,500 species (Supplementary Tables 1-3) , based on the approximately tenfold increase in the number of sequenced genomes in the past 2 years. Subspecies markers enable strain-level analyses, and quasi-markers improve accuracy and allow the detection of viruses and eukaryotic microbes (a full list of additions is provided in Supplementary Notes 1-3 and Supplementary Fig. 1) .
We validated MetaPhlAn2 using 24 synthetic metagenomes comprising 656 million reads and 1,295 species (Supplementary Note 4 and Supplementary Table 4). MetaPhlAn2 proved more accurate (average correlation: 0.95 ± 0.05) than mOTU 4 and Kraken 5 (0.80 ± 0.21 and 0.75 ± 0.22, respectively) (Fig. 1a,  Supplementary Figs. 2-9 and Supplementary Tables 5-11) , with fewer false positives (an average of 10, compared with 22 and 23 for mOTU and Kraken, respectively) and false negatives (an average of 12, compared with 27 for the other two methods), even when including genomes that were absent from the reference database (Supplementary Note 4) . With the adoption of the BowTie2 fast mapper and support for parallelism, MetaPhlAn2 is more than ten times faster than MetaPhlAn, and its speed is comparable to that of other tested approaches ( Supplementary  Fig. 10 ).
We applied MetaPhlAn2 to four elbow-skin samples that we sequenced from three subjects (Fig. 1b, Supplementary  Note 5 and Supplementary Table 12) . Our data showed that Propionibacterium acnes and Staphylococcus epidermidis dominated these sites, in agreement with expected genus-level results 6 , while providing species-level resolution. Together with these core species, we found Malassezia globosa in 93.65% of samples and confirmed it by coverage analysis ( Supplementary  Fig. 11) . Although M. globosa is a known colonizer of the skin, its metagenomic characterization highlights the ability of MetaPhlAn2 to identify non-prokaryotic species. Phages (e.g., for Propionibacterium) and double-stranded DNA viruses of the Polyomavirus genus were also consistently detected. We subsequently profiled the whole set of 982 samples from other body sites from the Human Microbiome Project (HMP), including 219 samples sequenced after the initial publication (Supplementary Note 6 and Supplementary Fig. 12) .
Microbes have been tracked across samples extensively with culture-dependent approaches, and MetaPhlAn2 now offers this possibility in a culture-independent setting by fingerprinting the microbiome at the strain level. This is illustrated by the multipletime-point (n = 3) HMP data set, in which we found that speciesspecific strain fingerprints were subject specific and conserved longitudinally (Supplementary Note 7 and Supplementary Figs.  13-21 ). This confirms both strong subject-specific strain retention in the gut microbiome and the ability of MetaPhlAn2 to perform strain fingerprinting and tracking, as these retention patterns are unlikely to occur in longitudinal samples by chance. Additionally, strain identification is possible when a sample contains a previously sequenced genome (Supplementary Note 7, Supplementary Table 13 and Supplementary Fig. 22 ). MetaPhlAn2's enhanced taxonomic profiling (including associated post-analysis, conversion and visualization tools) and its characterization of the HMP data set should serve as convenient tools and extended references for future analysis of the human microbiome.
